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(54) Flash memory with alterable erase sector size 



(57) A flash memory comprises an address bus 
(40), a data bus (50), control lines, and an array (64) of 
addressable non-volatile memory cells, connected to 
the address bus (40) and the data bus (50). A latch (52, 
54), activated by control signals, stores signals supplied 
from the address bus (40) or the data bus (50). A de- 
coder (56) decodes the signal stored in the latch (52, 
54), and in response to a first signal operates to partition 



the array (64) of memory cells into a plurality of first sec- 
tors each having a first size, and in response to a second 
signal operates to partition the array (64) of memory 
cells into a plurality of second sectors each of a second 
size, different from the first size. Control circuitry (70) 
controls the erasure of a first or a second sector of the 
memory array (64) in response to the first or second sig- 
nal decoded. 
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Description 

Field of the Invention 

[0001] The present invention relates to flash memo- 
ries, and more specifically, to a flash memory having al- 
terable erase sector size, such that virtual separation of 
data and code in a physical bank of flash memory can 
occur. Further, with two or more physical banks of mem- 
ory, multiple concurrent operations can occur. 

Description of the Prior Art 

[0002] Flash memories have emerged in the art in re- 
cent years as an important nonvolatile memory which 
combines the advantages of EPROM density with EEP- 
ROM electrical eraseability. 

[0003] Flash memories are so named because a plu- 
rality of memory cells in a block or sector are erased at 
the same time. Thereafter, selected bits, bytes, or words 
are programmed. Flash memories have been used to 
store program code and data. For storage of data, it is 
desirable to have the sector size small, so that only a 
small number of bits of memory cells are erased and 
then programmed. On the other hand, for storage of pro- 
gram code, it is desirable to have the sector size large, 
so that a large number of memory cells are erased at 
the same time. It is further desirable to have a plurality 
of physically separate banks of memory cells with one 
bank for storing program code and the other for storing 
data. Thus, two operations, such as read from program 
bank while writing to the data bank can occur at the 
same time. In addition, with the two banks of memories 
storing different types of information (program code vs. 
data) thereby requiring different erase sector sizes, it 
becomes desirable to have two physical banks of flash 
memories with each memory bank having the option of 
a unique erase sector size. 

[0004] Thus, in the prior art a flash bank memory sys- 
tem has multiple banks of memory: one to store program 
or code and the other to store data. The banks are phys- 
ically separate, i.e. different physical locations within the 
system (die) and are addressed by different internal ad- 
dress lines. In addition, each bank has separate bit lines, 
allowing for two concurrent operation, such as simulta- 
neous read from the code bank and write to the data 
bank. 

[0005] However, a significant disadvantage of this pri- 
or art flash bank memory system arises since different 
applications often require different amounts of storage 
in each of the banks. For example, one application may 
require a memory bank in which one bank has a storage 
density of 7 Megabits, while the other bank has a stor- 
age density of only 1 Megabits. On the other hand, an- 
other application may require a memory bank in which 
one bank has a storage density of 6 Megabits, while the 
other bank has a storage density of 2 Megabits. This 
has necessitated the manufacturer of the memory sys- 
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tern to maintain an inventory of different sizes of the 
memory banks. 

[0006] Fig. 1 represents a flash memory system 1 of 
the prior art. In the flash memory 1 of Fig. 1, there are 
5 two different sized memory banks 2a and 2b. For exam- 
ple, memory bank 2a may be a 1 Megabit memory bank, 
with a minimum erase sector size of 4K bytes, whereas 
memory bank 2b is a 7 Megabit memory bank with an 
erase sector size of 32K byte sectors, each byte corn- 
to prising 8 bits. Often memory bank 2a will consist of boot 
and parameter blocks, e.g. 16K byte sector plus 8K byte 
sectors etc. 

[0007] Memory bank 2b has a CE, i.e. chip enable, 
line and a WE, i.e. write enable, line. Further the mem- 

15 ory banks 2a and 2b are physically separated using dif- 
ferent address lines, i.e. address bus 3, consisting of 
memory address bits A0-A18. Although the memory 
banks 2a and 2b are physically separate, they may be 
virtually continuous in the address range. Thus, for ex- 

20 ample, the memory bank 2a can be addressed in a dif- 
ferent address space, from the memory bank 2b, within 
the common address range A0-A18. It is important to 
note that each memory bank 2a and 2b has separate 
address line latches and bit lines. 

25 [0008] Typically, program or code is stored in one of 
the memory banks, e.g. memory bank 2b, while data is 
stored in the other memory bank, e.g. memory bank 2a. 
As a result, it is possible to perform concurrent opera- 
tions on each bank. That is, it is possible, for example, 

30 to write data to memory bank 2a while concurrently 
reading program or code from memory bank 2b. The 
program or code read from memory bank 2b can be the 
code to control the write operation of data to the other 
memory bank 2a. 

35 [0009] In operation, one memory bank will be written 
with data while the other will store the program which is 
read for execution by the controller. However, as de- 
scribed above, for this type of flash memory system, a 
problem emerges in requiring specific sized memory 

40 banks for specific applications. Therefore, for these ap- 
plications that require specific sized memory banks, dif- 
ferent memories have to be fabricated, and inventoried. 
See also U.S. Patent 5,867,430 for a disclosure of two 
banks with the ability to perform simultaneous opera- 

45 tions on the two banks concurrently. 

[0010] Flash memories responsive to Software Data 
Protect (SDP) Commands are also well known in the art. 
In fact, the SDP Commands are standardized by the 
JEDEC organization (JEDEC Standard 21 -C). In a SDP 

50 Command, certain signals supplied on either the ad- 
dress bus and/or the data bus to a byte alterable or flash 
EEPROM nonvolatile memory is interpreted by the non- 
volatile memory to perform certain functions com- 
mands, such as erase or program (which must be pre- 
ss cede by erase for a write operation). Thus, within the 
nonvolatile memory, there are latches to store the sig- 
nals from the address and data bus, a decoder to de- 
code the signal stored in the address latch and a control 
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circuitry responsive to the decoder to control the oper- 
ation of the nonvolatile memory, such as program or 
erase. 

Summary of the Invention 5 

[0011] A flash memory comprises an address bus, a 
data bus, and one or more arrays of addressable non- 
volatile memory cells, connected to the address bus and 
the data bus. Latches store signals supplied from the 10 
address bus and the data bus. A decoder decodes the 
signal stored in the latch, and in response to a first signal 
decoded for partitioning the array of memory cells into 
a plurality of first sectors each having a first size, and in 
response to a second signal decoded for partitioning the *5 
array of memory cells into a plurality of second sectors 
each of a second size, e.g. blocks, different from the first 
size. A control circuitry controls the erasing of a first or 
a second sector of the memory array in response to the 
first or second signal decoded. 20 

Brief Description of the Drawings 

[0012] Figure 1 is a bank flash memory system of the 
prior art, 25 
[0013] Figure 2 is a schematic block diagram of a flash 
memory of the present invention. 
[0014] Figure 3 is a detailed circuit diagram of a pre- 
decoder portion of the flash memory shown in figure 2. 
[0015] Figure 4 is a block diagram of a flash memory 30 
bank system using the flash memory of the present in- 
vention. 

[0016] Figure 5 is a schematic block diagram of the 
flash memory bank system shown in Figure 4 interfaced 
with a microprocessor. 35 

Detailed Description of the Drawings 

[0017] Referring to Figure 2, there is shown a sche- 
matic block diagram of a flash memory 20 of the present 40 
invention. The flash memory 20 has a first latch 52 to 
store the data signal supplied from a data bus 50 or to 
be supplied to the data bus 50. The flash memory 20 
further comprises a second latch 54 to store an address 
signal supplied from the address bus 40. The signals 45 
stored in either the first latch 52 or the second latch 54, 
or both are supplied to a decoder circuit 56. The decoder 
circuit 56 determines whether the signals stored in the 
latches 52 and/or 54 are to be interpreted as commands 
for the flash memory 20 to execute. This is ail in accord- so 
ance with the JEDEC standard, and is known as the 
SDP commands, and is well known in the art. 
[001 8] From the first latch 52, the signals are also sup- 
plied to column address decoder 62 in the case of data 
signals supplied to the flash memory 20 (or from the ss 
sense amplifier 58 to the latch 52 in the case of data 
output from the flash memory 20). From the second 
latch 54, the signals are also supplied to the row address 
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decoder 60 and the column address decoder 62, which 
then address the nonvolatile memory array 64. Finally, 
a control circuit 70 receives the output of the decoder 
56 and also receives the bank enable signal BE, the 
write enable signal WE, and the output enable signal 
OE, and in response thereto, controls the operation of 
the sense amplifier 58, and row and column address de- 
coders 60 and 62. In the prior art, it is well known that 
the control circuitry 70 can control the high voltage gen- 
erators (not shown) and other circuitry necessary to pro- 
gram at a byte level. 

[0019] In the present invention, the nonvolatile elec- 
trically erasable memory array 64 is preferably com- 
posed of nonvolatile memory cells of the type shown and 
described in U.S. Patent 5,029,130 and 5,572,054, 
whose disclosures are incorporated herein by refer- 
ence. As disclosed in those references, the memory cell 
erases through the mechanism of Fowler-Nordheim tun- 
neling from the floating gate to the control gate, which 
is connected along the word line. The high voltage ap- 
plied to a word line causes the erasure of all memory 
cells connected to that word line. Thus, the minimum 
erase element is a word line. Since the minimum erase 
element is a single word line, one can choose different 
combinations of multiple word lines for simultaneous 
erase, resulting in selectable different sector sizes for 
erase operations. 

[0020] The output of the decoder 56 is also supplied 
to a column pre-decoder 61 and to a row pre-decoder 
59. When the decoder 56 detects a combination of ad- 
dress and/or data signals as meaning command to 
erase a sector of a certain size in the array 64, the de- 
coder 56 supplies the appropriate address signals to the 
pre-decoders 59 and 61 so that the appropriate bank 
sector or block size is erased. 

[0021] Referring to Figure 3 there is shown a detailed 
schematic diagram of a portion of the row pre-decoder 
59 along with the associated row decoder 60. The op- 
eration of the column pre-decoder 61 with the column 
decoder 62 is conventional. As shown in Figure 3, the 
memory array 64 is divided into a plurality of sectors of 
1 K 1 6 bit word size. Each of the 1 K word sectors has an 
associated row decoder 60 output and a pre-decoder 
59 output. In the preferred embodiment, the memory ar- 
ray 64 is 51 2K words, thereby requiring 1 9 address lines 
memory array 64 is 51 2K words, thereby requiring 19 
address lines (Aq-A 18 ) to address the 512K. The mem- 
ory 20 can erase in one of three modes: bank, block and 
sector. In bank erase, the entire 51 2K words are erased. 
In block erase, a block of 32K words is erased. Finally, 
in sector erase, a sector of 1K words is erased. The ad- 
dress lines of A 7 -A 9 are supplied from the address bus 
40 to the row decoders 60 and the address lines of Aq- 
A 6 are supplied from the address bus 40 to the column 
decoders 61 . The address lines of A 10 -A 18 are supplied 
from the decoder 56 to the row pre-decoders 59. 
[0022] For sector selection, the address lines A 10 -A 18 
are used. For block selection, the address lines A 15 -A 18 
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are used. Finally for bank selection, the bank selection 
signal generated by the decoder 56 overrides all ad- 
dress signals. 

[0023] In the operation of the flash memory 20 of the 
present invention, the flash memory 20 uses Software 
Data Protect (SDP) Commands to erase the memory 
array 64. The commands for erase all follow the follow- 
ing data/address pattern (in hexadecimal): 



Bus Cycle 


Address Bus 


Data Bus 


1st 


5555 


AA 


2nd 


2AAA 


55 


3rd 


5555 


80 


4th 


5555 


AA 


5th 


2AAA 


55 



with the pattern differing in the sixth cycle between bank, 
block and sector erase, in the case of bank erase, the 
address/data pattern in the sixth cycle is (5555/10) re- 
spectively, in the case of block erase, the address/data 
pattern in the sixth cycle is (block address/50) respec- 
tively. Finally, for sector erase, the address/data pattern 
in the sixth cycle is (sector address/30) respectively. 
[0024] When the decoder 56 recognizes the address/ 
data pattern as meaning bacnk erase, the decoder 56 
causes the control circuitry 70 to generate the neces- 
sary signals to cause the entire memory array 64 to be 
erased. This is well known in the art. When the decoder 
56 recognizes the address/data pattern as meaning 
block erase, the decoder 56 causes the necessary sig- 
nals to be generated by the control circuitry 70, all of 
which is well known in the art. However, in addition, the 
decoder 56 supplies control signals to override the ad- 
dress signals A 7 -A 14 and the complement signals A 7 - 
A 14 , in the row pre-decoders 59 and the row decoder 
60, thereby causing a selected block of 32 1 K word sec- 
tors to be erased. When the decoder 56 recognizes the 
address/data pattern as meaning sector erase, the de- 
coder 56 causes the necessary signals to be generated 
by the control circuitry 70, all of which is well known in 
the art. However, in addition, the decoder 56 supplies 
control signals to override the address signals A 7 -A 9 
and the complement signals A 7 -A 9 , in the row decoders 
60, to select one associated sector of 1 K words to be 
erased. 

[0025] Thus, based upon the ability of the flash mem- 
ory 20 to erase various sector sizes in the same physi- 
cally contiguous memory array 64, program code and 
data can be stored in the same physical memory array, 
with the partitioning between the two being changeable. 
[0026] Further, in the operation of the flash memory 
20, even though the memory array 64 can operate in a 
flash mode, i.e. erasure of all the memory cells of a sec- 
tor at the same time, the erasure of a 32K block would 
take longer than the erasure of a 1K sector. As will be 
discussed hereinafter, this may necessitate the decoder 
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56 and the control circuitry 70 of one of the memory 
banks 20 to be able to recognize and execute an inter- 
rupt command. 

[0027] Referring to Figure 4, there is shown a nonvol- 
5 atile memory system 1 0 using the flash memories 20 of 
the present invention. A first bank of nonvolatile memory 
20a, is combined with a second bank of nonvolatile 
memory 20b, physically separate from the first bank 
20a. Each of the first and second banks 20a and 20b 
10 are of the type shown and described in Figure 2. Mem- 
ory banks 20a and 20b need not be the same size. How- 
ever, typically memory banks 20a and 20b have the 
same densities. For example, each of the first and sec- 
ond memory banks 20a and 20b may be a 512KX16 
15 flash array (51 2K words, with each word being 16 bits 
for a total of 8 Megabits). 

[0028] Each of the memory banks 20a and 20b is con- 
nected to the same address bus 40 and is capable of 
receiving an address signal from the address bus 40. 

20 The address bus 40 has a bus width of at least A0-A1 8 
bits, to address 51 2K words for a total of 8 Megabits in 
each of the memory banks 20a or 20b. The A0-A18 bits 
are provided from an address buffer (not shown). Each 
of the memory banks 20a and 20b is preferably provided 

25 with a separate bank enable signal (S ET or B E2 ). How- 
ever, with two memory banks 20a and 20b, one of the 
bank enable signals can be the inverse of the other, 
thereby functioning as an address or bank select signal. 
A memory bank 20 (a or b) is selected when its associ- 

30 ated BE line (BE! or BE2) is active (LOW). The data 
output/input of the memory banks 20a and 20b, are con- 
nected to a bi-directional data bus 50, which is 16 bits 
wide. The data bus 50 permits each of the memory 
banks 20a or 20b to output its data onto the data bus 50 

35 or for data signals from the data bus 50 to be supplied 
to the memory banks 20a or 20b. 
[0029] In the embodiment shown in Figure 4, the 
memory banks 20a and 20b are addressed by banks, 
as well as by addresses. That is, each memory bank 

40 20a and 20b is addressed by means of its associated 
separate bank enable (B E ) line, and by the address sig- 
nals supplied on the address bus 40. Therefore, flash 
memory bank 20a is addressed by enabling line BET 
(setting BET LOW), and by the address signal supplied 

45 on the address bus 40. Flash memory bank 20b is ad- 
dressed by enabling line BE2 (setting BE2 LOW), and 
by the address signals supplied on the address bus 40. 
Therefore, each of flash memory banks 20a and 20b can 
receive address bits A0-A18 from the address bus 40, 

so depending on which of the flash memory banks 20a or 
20b is selected. In addition, data signals from the data 
bus 50 is also supplied to the selected memory bank 
20a or 20b by the selection of the particular B E signal. 
[0030] Because each of the memory banks 20 has 

55 erase and program capability (along with read) and be- 
cause the memory banks 20a and 20b are physically 
separate, with each of the memory array 64 of each of 
the memory banks 20 having independent bit lines and 
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address latches, the memory system 10 allows for si- 
multaneous read/write operations. For example, one 
memory bank, e.g. 20a, can be writing data while the 
other memory bank 20b will read the program which is 
read for execution by a microcontroller or a microproc- 5 
essor 90, shown in Fig. 5, which can be external to the 
memory system 1 0, or can be integrated with the mem- 
ory system 10 on a single silicon chip. 
[0031] Because flash memory cells take a relatively 
long period of time to erase and to program (compared w 
to read), it is possible that during the erase operation in 
one memory bank, e.g. bank 20a, the microcontroller or 
microprocessor 90 may request a read operation from 
that bank 20a. In that event an interrupt to that memory 
bank 20a occurs. The decoder 56 and the control cir- 15 
cuitry 70 of memory bank 20a can also be adapted to 
respond to an interrupt, e.g. a request to read a partic- 
ular address, while an erase or program operation is still 
underway. The control circuitry 70 may choose to serv- 
ice the interrupt in one of two ways. If the interrupt occurs 20 
while the memory array 64 is in the first erase mode, i. 
e. erasure of only a 1K sector, or if the interrupt occurs 
while the memory array 64 is near the completion of the 
second erase mode, i.e. erasure of a data sector 32k 
words, then the control circuitry 70 may choose to delay 25 
the execution of the read command, until the erase com- 
mand has been completed. Alternatively, the control cir- 
cuitry 70 may choose to service the read command (so 
long as the read address is not to an address to be pro- 
grammed), and to resume the erase or program com- 30 
mand after executing the read operation. 
[0032] It should be noted that it is not necessary to 
duplicate the ability to service the interrupt command in 
both of the memory banks 20a and 20b. So long as one 
of the memory banks 20 has this capability and the pro- 35 
grammer of the microcontroller or microprocessor 90 is 
aware of which memory bank 20 has this capability, the 
programmer can then select the memory bank to take 
advantage of this feature. Alternatively, of course, both 
memory banks 20a and 20b can have this feature. <o 
[0033] Since the memory system 10 is capable of 
reading and writing simultaneously, in both of the banks 
20a and 20b, the location of the program (to read) and 
of the data (to write) becomes almost inconsequential. 
Therefore, each memory bank 20 can store both pro- 45 
gram and data with the separation between program 
and data being a virtual separation, determined by the 
erase sector size, as previously discussed. Of course, 
for optimal performance of the memory system 10, in 
some cases it still may be desirable to physically sepa- so 
rate data and program between the two physically sep- 
arate memory banks. However, this is not necessary, 
and the programmer can store program and data in the 
same physical memory bank 20. 

[0034] Referring to Figure 4, the memory system 10 55 
is shown as further comprising a third memory bank 30. 
The third memory bank 30 is not necessary to under- 
stand the present invention. The third memory bank 30 



is also a memory array of electrically erasable nonvola- 
tile memory. In the preferred embodiment, the third 
memory bank 30 is byte alterable E 2 PROM with one 
sector having OTP (One Time Programmable) capabil- 
ity. Thus, the third memory bank 30 may be altered one 
word at a time with a single command. 
[0035] The third memory bank 30 is also connected 
to the same address bus 40, as that supplied to the first 
and second memory banks 20a and 20b. However, be- 
cause the third memory bank 30 is much smaller in size 
(4K addressable words with each word also 16 bits, for 
a total of 64Kbits) than either of the first or second mem- 
ory banks 20a and 20b, only the address lines A0-A13 
are supplied to the third memory bank 30. The third 
memory bank 30 is also connected to the data bus 50 
and supplies the data signals thereto or receives the da- 
ta signals therefrom. Finally, the third memory bank 30 
receives a separate bank enable signal SE3, and the 
same write enable signal WE, and OE output enable 
signal, which is also supplied to the first and second 
memory banks 20a and 20b. 

[0036] The third memory bank 30 can erase in 32 
word sectors and word program or perform a single word 
write which consists of word erase followed by the word 
program operation. Further the first sector of the third 
memory bank 30 offers the option of OTP (One Time 
Programmable) preventing writing of the first sector, 
once it is written. This can be used to protect critical data 
or code. 



Claims 

1 . A flash memory comprising: 

an address bus (40); 
a data bus (50); 

an array (64) of addressable nonvolatile mem- 
ory cells, connected to said address bus (40) 
and said data bus (50); 

a latch (52, 54) for storing signals supplied from 
said address bus (40) or said data bus (50); 
a decoder (56) for decoding said signal stored 
in said latch (52, 54), and in response to a first 
signal decoded for partitioning said array (64) 
of memory cells into a plurality of first sectors 
each of a first size, and in response to a second 
signal decoded for partitioning said array (64) 
of memory cells into a plurality of second sec- 
tors each of a second size, different from said 
first size; and 

control circuitry (70) for controlling the erasure 
of a first or a second sector of said memory ar- 
ray (64) in response to said first or second sig- 
nal decoded. 

2. The flash memory of claim 1 wherein each of said 
second sectors comprises a plurality of first sectors. 
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The flash memory of claim 2 wherein said decoder 
(56) supplies a plurality of address signals to said 
plurality of first sectors in response to a second sig- 
nal decoded. 

5 

The flash memory of claim 1 wherein said latch fur- 
ther comprises a first latch (54) for storing the signal 
supplied from said address bus (40) and a second 
latch (52) for storing the signal supplied from said 
data bus (50). 10 

A flash memory bank system comprising: 

a first bank of addressable nonvolatile memory 
cells; 15 
a second bank of addressable nonvolatile 
memory cells, physically separate from said 
first bank; 

an address bus connected to said first and sec- 
ond banks of addressable nonvolatile memory 20 
cells for supplying an address signal to said first 
and second banks; 

a bi-directional data bus connected to said first 
and second banks of addressable nonvolatile 
memory cells for supplying a data signal to and 25 
for receiving a data signal from said first and 
second banks; 

a bank signal for separately activating said first 
and second banks; 

wherein each of said first and second banks of 30 
addressable nonvolatile memory cells further 
comprising: 

an array of addressable nonvolatile memory 
cells, connected to said address bus and said 
data bus; 35 
a latch for storing signals supplied from said ad- 
dress bus or said data bus; 
a decoder for decoding said signal stored in 
said latch, and in response to a first signal de- 
coded for partitioning said array of memory 40 
cells into a plurality of first sectors each of a first 
size, and in response to a second signal decod- 
ed for partitioning said array of memory cells 
into a plurality of second sectors each of a sec- 
ond size, different from said first size; and 45 
control circuitry for controlling the erasure of a 
first or a second sector of said memory array in 
response to said first or second signal decoded. 

The flash memory of claim 5 wherein each of said 50 
second sectors comprises a plurality of first sectors. 

The flash memory of claim 6 wherein said decoder 
supplies a plurality of address signals to said plu- 
rality of first sectors in response to a second signal 55 
decoded. 

The flash memory of claim 5 wherein said latch fur- 



ther comprises a first latch for storing the signal sup- 
plied from said address bus and a second latch for 
storing the signal supplied from said data bus. said 
decoder partitions a portion of said array of memory 
ceils into a plurality of second sectors. 

9. The memory system of claim 5 wherein said system 
is connected to a microprocessor. 

1 0. The memory system of claim 9, wherein said control 
circuitry of one of said first and second banks further 
comprises: 

means for servicing an interrupt command 
from said microprocessor. 

11. The memory system of claim 5 further comprising: 

a third bank of addressable nonvolatile memo- 
ry, physically separate from said first and sec- 
ond banks; 

wherein said address bus is connected to said 
first, second and third banks of addressable 
nonvolatile memories; 

wherein said bi-directional data bus is connect- 
ed to said first, second and third banks of ad- 
dressable nonvolatile memories; and 
wherein said bank signal for separately activat- 
ing said first, second and third banks. 
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